
Trail Layout and Design

Today's Activities

• Morning 
Lectures 

–Design 
Concepts

–Layout 
Principles



Trail Layout and Design
Days Activities

Morning Lab Activity

• Abney Hand Level and Clinometer 
Orientation



• Afternoon 4 
Hour Lab

Big Rock Trail

Marin Open

Space District

Trail Layout and 
Design
Days Activities
Afternoon Lab 
Activity

Cottonwood 
Valley











Trail Layout and Design
Lab Activity

• Task 
Hazard 
Analysis





Ticks



Sustainable Trail Design



Sustainable Trail Design 
Objectives

• Define What is Sustainable Trail Design

• Learn How Types of Users, Trail Classes and Standards 
Effect Design

• How The Planning and Information Gathering Process 
Affects Design  

• The Need to Establish Major and Minor Control Points in 
Trail Corridors

• Learn How to Break the Trail Corridor Into Manageable 
Units

• The Importance of Reconnaissance

• How to Design for Land Capability, Aesthetics, and Safety 
Concerns

• The Need for Resource Specialists Review Before  Flagging 
a Trail Alignment



Why Sustainable Trails?



Consider the Life of a Trail

100  Years



Trail Layout and Design

1 Month



Construction

3 Months



Maintenance

100 Years



Every Land Management Agency Has 

Their Own Mission That Guides Them



They Also Have Specific Land Management 

Classifications & Policies That Determine The 

Type Of Use That Can Occur on Their Lands



What Is A Sustainable Trail?

• A trail that has been designed and constructed to a 

standard that it does not adversely impact natural 

and cultural resources

• Can withstand the impacts of the intended user 

and the natural elements while receiving only 

routine cyclic maintenance

• Meets the needs of the intended user to a degree 

that they do not deviate from the established trail 

alignment. 



Impacts that would be considered “take” are 

avoided and impacts that are considered 

“sensitive” are mitigated through the planning and 

environmental review process 



Sheet flow runoff is not diverted or accumulated and is 

allowed to continue on its normal flow path. All drainages 

(including micro drainages) are not captured, diverted or 

coupled with other drainages by the trail. Water is not 

accumulated on the trail and drained off onto the landform 

where natural drainages do not exist.



Are designed and constructed to withstand the impacts 

of 25 to 100 year storm events. The trail tread and 

structures will be unaffected by these events. 



Trail design and user group satisfaction results in the 

intended user group staying on the designated trail 

alignment and not creating unauthorized way or 

volunteer trails 

The level of user satisfaction also results in the 

continued use of the trail with no significant reduction 

of trail usage



•User Types Dictate
Design Criteria

New or Altered Trails 

May Need to Comply

Identify the Trail 
User

New Outdoor Access 
Guidelines for Trails



Hikers and 
Backpackers



Mountain Bikers



Equestrians



Multiple Users 
Groups



Winter Users 



Motorized 



Non Consumptive & Consumptive Trail 

Uses
• Non consumptive trail use places the emphasis of the user 

experience on the “setting” rather than the mode of travel. 

• Sustainable trail design and construction techniques are 

used to preserve the environment and retain the “sense of 

place”



• Consumptive trail use places the 

emphasis of the user experience on the 

mode of travel or locomotion

• The increased user impacts or the 

modified trail design and construction 

techniques associated with this use is 

mitigated by additional trail structures 

and or increased construction and 

maintenance cost.

Consumptive Trail Use



• The difference isn’t just the rate of mechanical wear but  

the “experience” the user is seeking that ultimately 

increases the rate of mechanical wear. 

• When the ride or mode of traveling across the trail 

becomes as important or more important than the 

experience of being in the “setting” then the use becomes 

consumptive.

• These types of trail uses must be consistent with the 

mission, policies and restrictions of the park 

classification and/or the land management agency.

Consumptive Trail Use



Identify the 
Trail 
Classification

Trail 
Classification 
Matrix

Determines Objective 
Level of Use



Determine Specifications & Standards – Based on 
User Group, Classification and Season of Use



Identify Points of Connection

• These are the Points of Beginning and End 
of Your New Trail Alignment

• They Exist on All New Trail Layout

– A Reroute Fix of Poor Trail

– A New Trail Proposal



Trail Heads



Visitor Use Areas



Visitor 
Destinations



Backcountry 

Camp

Campground
x

x



Use and Beginning and Ending 
Identification is Done During the 
Planning Process 

Other Planning Information is a 
Literature Search 



Obtain as much Background Information 

on the Landform as Possible





Geographic 
Information 

Systems Maps



Research Cooperating Agencies GIS 
Data Bases



Aerial 
Photos



Historic Photographs



Topographic MapsTopographic 
Maps



LIDAR

Light Detection and 
Ranging 





SHALSTAB
• A digital mapping program that takes into 

account both the concentration of water as it 
flows downhill and the steepness of slopes. 
The model predicts the locations of highest 
risk of slope failures.



Literature Search Allows for a 
Detail Corridor Alignment

• Knowledge of the Land Increases

• Establish Connectivity with Adjoining Land 
Managers

• Identify Sensitive Areas to Stay Away From

• Knowledge of Land Capability Limitations

• Major Control Points Begin to be Identified 



Further Corridor Work Before 
Going Into Field

• Identify Major Control Points

• These are areas that the Trail 
Corridor NEEDS to Go To or Miss

• Break The Trail Corridor into Smaller 
Units

• Major Control Point to Major 
Control Point



Major Control Points

Rivers or Bodies of 
Water



Large Land 
Slides



Large Areas Of Low Capability Land



Wildlife 
Management 

Areas



Rock Cliffs or 
Bluffs



The Prescribed Linear Grade Is Used 

When Identifying Minor Control 

Points During Reconnaissance

Gaps through Rock
Formations



Pre-Contact 
Cultural 

Resources



Euro-American 
Cultural 

Resources



Park Facilities or 
Other Areas of 
Special Visitor 

Interest



Major Road or Highway 
Crossings



Property Boundaries,      
In-holdings, Easements



Work Completed in Your Office Not 
the Field

• User Type

• Classification Identification

• Trail Design Standards

• Points of Destination 

• Literature Research

• Major Control Point Identification

• Trail Corridor Alignment (on paper)



Backcountry 

Camp

Campground

x

x

Redwood Lilly 

Habitat

Arch. 

Site

Arch. 

Site

Arch. 

Site

Over Steepened Slopes

Bridge

Landslide

Salamander 

Habitat



Get the Big Picture

Try to get a High Visual 
Overview of the Shorter 
Corridor Unit



Helicopter

Fire Agency
Coast Guard



High Prominent Ridges, Lookouts



From Open Bodies of Water



Vegetation is also an 

indicator or soil types 

and land capability



http://earth.google.com/





Get a Good Visual Survey of the Land 
Before You Jump into the Brush



Reconnaissance

Reconnaissance Process
Occurs Between Major Control Points

Ground Checking the 
Trail Corridor Identified

Identification of Minor 
Control Points



Reconnaissance

It Can Be Much 
Easier to Perform 
Reconnaissance in 
Winter Months



Minor Control Points

• Identified During the Reconnaissance 
Process

• Features in the Trail Corridor that will 
Influence the Alignment of the Trail

• Discovered and Worked Around During 
On-the-Ground Reconnaissance



Rock Outcrops



Rock Outcrops



Stream 
Crossings

Fully 
Investigate for 

Proper Trail 
Alignment



Establish High Water Flows



Large Trees are Minor Controls

10’



Smaller Trees can be              
a Primary Resource



During Reconnaissance      
Ground Check Land Capability



Scarps  Slope Instability



Debris 
Flows



Sometimes Obvious



Look Hard 
Vegetation Hides Old Slides



Be Leary of Standing/Ponding 
Water





Pistol Grip 
Trees



Tilted 
Trees



Open Canopy



Land Capability
Soils

Soils Range From Rock to Sand



Sandy Soils
Appear Stable



Sandy Soils
Appear 
Stable

Until Slight 
Grades





Clay and Silt 
Deposits



Clay Soils Lose Structure with 
Moisture



River Gravel Deposits

•Contain Better Matrix of Material Size, Rock,

Some Silts and Less Clays

•River Gravels Have Better Sustainability 

•River Run Parent Gravels are Missing Fractured

Faces for Locking



Angular 
Fractured

Rock

Shales

Good 
Material 
Matrix



A Good 
Material Matrix 

Will Compact and 
Keep Soil Moisture 

Content

Sustains Grade 
and Heavy Use



While Traversing the Corridor 
Be Noting These Other 

Features



Wetlands-Sensitive Areas



Indicator 
Species

Each Area has Species 
that Indicate 

Wet/Saturated Habitat

Identify these during 
your Reconnaissance 



Slope and 
Aspect

South Aspect

Effects Snow 
Melt, Shade, 
Vegetation

North Aspect



Vistas and Views



Search for Opportunity for Views 
the Trail User Enjoys a Vista

Take advantage of 
viewsheds within your 
corridor



Aesthetics

Design in 
Visitor 

Attraction
Areas



Flowering Native Plant Species



Specimen Trees, Etc.



Wildlife 
Resources

Design To, if No 
Impact, for Visitor 

Experience

Design Trail 
Corridor Away if 

Sensitive



Historic 
Resources, 
If Not 
Sensitive

They Offer 
the Visitor
a Connection 
to their past



Keep Your Eye Open 
for Sensitive Cultural 

Resources



Studies Indicate Visitor Preference 
to Feel, Hear and See Water

If Access is 
Not Provided 

the Public 
Will “Take It”



Visitor Safety 

Be Conscious of 
Talus Slopes and 
Rock Fall Areas



Avalanche Slide Areas



Avoid
High Wind 

and 
Lighting 
Prone 
Areas



• When You Identify Controls and Unique 
Features Track Them With Altimeter and 
Plot on Topo Map



Backcountry 

Camp

Campground

x

x

Redwood Lilly 

Habitat

Arch. 

Site

Arch. 

Site

Arch. 

Site

Over Steepened Slopes

Bridge

Landslide

Salamander 

Habitat

Drainage Crossings

Rock Outcrops

Turn Locations

Scenic/Esthetic    

Locations



• Keep Track of Rough Grades 
With Clinometer

• Narrowing and Defining a Rough 
Trail Corridor & Breaking it Into 
Smaller Segments



Backcountry 

Camp

Campground

x

x

Redwood Lilly 

Habitat

Arch. 

Site

Arch. 

Site

Arch. 

Site

Over Steepened Slopes

Bridge

Landslide

Salamander 

Habitat

Drainage Crossings

Rock Outcrops

Turn Locations

Scenic/Esthetic

Locations



• When Your Trail Corridor Is 
Narrowed Sufficiently 

• Get Your Resource Specialists 
Involved on the Ground

• Before ANY Flagging Takes Place



Consultation 
and Surveys 

on    
Sensitive, 

Threatened 
and 

Endangered 
Wildlife 

Species and 
Plants 



Hydrologist Review of 
Stream Crossings



Archaeologist 
Cultural Survey 

of Corridor 
Alignment



Sustainable Trail Design 
Conclusion

• Establish User Type

• Classify and Establish Standards

• Perform Literature Search

• Identify Major Control Points

• Establish Broad Corridor Alignment

• Perform Big Picture Overview

• Field Check by Reconnaissance

• Establish Minor Control Points



Sustainable Trail Design 
Conclusion

• Assess Land Capabilities

• Take Advantage of Inherent Aesthetics

• Identify Safety Concerns

• Rough Map Control Points and Trail Corridor

• Bring In Resource Specialists for Review 
Before Laying a Flagged Alignment

• Now Final Alignment Identification Can 
Begin


